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ARTICLE XXVI. 



On the Decomposition of the Alkaline Sulphates by Hydrochloric Acid and Chlorine. 
By R. A. Tilghman. Read June 18, 1852. 



From the fact of the decomposition of the sulphates of baryta, strontia, and lime, by the 
contact of a current of vapour of water at a high temperature, we are naturally led to in- 
vestigate the action of other bodies of similar constitution under the same circumstances. 
Substituting chlorine for oxygen in its combination with hydrogen, we have hydrochloric 
acid gas in the place of water; and it will be remembered that chlorine in some cases 
exhibits more powerful electro-negative energies than oxygen; thus, the chloride of 
hydrogen is a strong acid, while the oxide is a neutral substance, and the chlorides of the 
alkaline metals are neutral, while their oxides are strong alkalies. 

It would seem probable, therefore, that the . action of hydrochloric acid gas upon the 
sulphates above named, should be more powerful than that of vapour of water. 

A current of hydrochloric acid gas was dried by passing through pumice drenched with 
sulphuric acid, and then conducted by a platinum tube into the bottom of a deep and nar- 
row platinum crucible, which was filled with small pieces of sulphate of baryta, and the 
whole heated to high redness by a gas flame urged by a strong jet of air. 

After half an hour's heat, the contents of the crucible were boiled -in water, giving a 
solution neutral to test paper, which was found to consist of chloride of barium. An 
analysis of the portion nearest to the influx of the gas, showed that twenty-seven per cent, 
of the sulphate of baryta had been converted into chloride of barium ; a decomposition 
considerably greater, judging from former experiments, than would have been effected by 
vapour of water in the same time, and at the same heat. This experiment was repeated 
by passing the dry hydrochloric acid gas over the sulphate of baryta, heated in a porce- 
lain tube ; the escaping gases were passed through water in a Woulfe's bottle, and the 
incondensable portion collected in a gas bell. The water in the Woulfe's bottle was found 
to contain, besides the excess of hydrochloric acid, a considerable quantity of sulphurous 
acid, and a trace of sulphuric acid. The incondensable gas proved to be oxygen. About 
one-half of the sulphate of baryta had been converted into chloride of barium, the fusing 
of which, by preventing the free contact of the hydrochloric acid gas with the undecom- 
posed sulphate, causes the action to become slower and slower. 
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360 THE DECOMPOSITION OF ALKALINE SULPHATES 

The reactions which take place in this decomposition are very simple, being precisely 
the reverse of those which occur in the production of hydrochloric acid, by the action of 
sulphuric acid on a chloride. One atom of water is formed from the hydrogen of the 
hydrochloric acid, and the oxygen of the baryta; their two remaining elements combine to 
form chloride of barium, while the sulphuric acid is set free in the state of sulphurous acid 
and oxygen. 

The sulphates of strontia, lime, and magnesia, are decomposed in the same way as sul- 
phate of baryta by hydrochloric acid gas. 

The sulphates of potash and soda, when exposed in a platinum crucible at a high red heat 
to a current of dry hydrochloric acid gas, after some time give dense fumes of the volati- 
lizing chlorides, large portions of which are also found in the fused salts. 

Moist hydrochloric acid gas as evolved by boiling dilute hydrochloric acid acts in a 
similar manner, but rather less quickly than the dry gas. Sulphuric acid is known to be 
expelled at a high heat from its combinations, by several acids, such as phosphoric, arsenic, 
and boracic, whose affinities at common temperatures are less powerful than its own ; but 
as all these acids are fixed at heats which volatilize sulphuric, it is to this property that 
their action has generally been attributed. In the present case, however, both the hydro- 
chloric acid and the chlorides produced, are more volatile than the sulphuric acid and the 
sulphates decomposed. Rose has recently shown that the alkaline sulphates can be de- 
composed into chlorides by ignition with a large excess of sal ammoniac ; but, in this case, 
the reducing agency of the hydrogen of the ammonia upon the sulphuric acid of the salt, 
must play an important part in the decomposition, and entirely distinguishes the action 
from the one now in question. 

As in the above experiments both elements of the hydrochloric acid enter into combi- 
nation with the constituents of the decomposed salt, and aid in producing the decomposi- 
tion, it became a matter of interest to examine the action of the chlorine alone under the 
same circumstances. 

A current of chlorine gas liberated from hydrochloric acid and peroxide of manganese, 
was washed with water to remove any traces of hydrochloric acid, then dried by sulphuric 
acid, and conveyed by a platinum tube through small pieces of sulphate of baryta heated to 
high redness in a platinum crucible. After an operation of half an hour, the pieces of sul- 
phate of baryta were found converted on their exposed surfaces into chloride of barium, 
the action appearing to be nearly as powerful as in the case of hydrochloric acid gas. In 
this experiment the chlorine must expel both the sulphuric acid of the salt and the oxygen 
of the base, a decomposition which might be more simply expressed in the language of 
Davy's Binary theory of salts, by saying that the simple radical chlorine replaces the 
compound radical SO 4 , the sulphat-oxygen of Graham, in its combination with barium 
sulphurous acid and the two equivalents of oxygen, being the gaseous products of the 
decomposition. 

Vapour of iodine passed over sulphate of baryta, under the same circumstances, forms 
a considerable quantity of iodide of barium, but the action seems less energetic than that 
of chlorine. 
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In taking a general view of this class of decompositions, some cases present themselves 
rather difficult of explanation. 

In the instances of the decomposition of sulphate of baryta by hydrochloric acid gas, 
chlorine, and iodine, it is to be observed that the reverse action is known to take place 
when anhydrous sulphuric acid is passed over the chloride or iodide of barium at a red 
heat, chlorine and sulphurous acid being evolved, and sulphate of baryta being formed. 
In this respect the case resembles the well known reciprocal decomposition of vapour of 
water at a red heat by metallic iron, and of the oxide of iron thus produced by hydrogen. 
The chlorine and sulphuric acid having each a strong and possibly nearly equal affinity 
for the base, we can imagine that the successive preponderance of the one or the other 
might be determined by the presence of an excess or atmosphere of the decomposing gas. 

At the heat at which sulphate of baryta is decomposed by vapour of water, its base 
forms a stable hydrate, and its affinity for water may be viewed as aiding the decomposi- 
tion. So, also, at the other end of the scale, sulphate of magnesia is decomposed at a 
heat which allows of the existence of sulphuric acid in combination with water. 

But in the case of the decomposition of the sulphate of lime by vapour of water, neither 
of these affinities can assist the action. At the temperature employed no hydrate of lime 
can exist, and neither the sulphurous acid nor the oxygen, into which the sulphuric acid 
resolves itself, shows any marked attraction for vapour of water. 

We have, therefore, an instance of a powerful affinity between two bodies being over- 
come by the mere presence of a third, with which neither of them has any inclination to 
combine. 

It is probably to the action of heat in weakening the intensity of all kinds of attraction, 
as well chemical as mechanical, that we are to look for an explanation. The experiment 
of Grove in the decomposition of water, shows that the most powerful chemical affinity 
can be overcome by a sufficiently intense heat. 

Co-operating with this, is the tendency of substances to diffuse themselves into a foreign 
atmosphere, which Graham has shown, in the case of liquids, to be a force capable of pro- 
ducing by itself chemical decomposition. 



